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Abstract
The aim of this study was to determine the concentration of Polycyclic Aromatic Hydrocarbons (PAHs) in water
and sludge samples collected from a river. A number of studies founded PAHs to be toxic on the biota and having
carcinogenic effects on human health. PAHs do bioaccumulate in fat tissues and biomagnify along the food chain. The
main sources for PAHs are the incomplete combustion processes of organic matters. Due to this the first environmental
component affected is air, from air they spread to all the environmental factors. The sampling points were located in
two cities from Cluj County along the course of Somesul Mic River. The water and sludge samples were taken from the
river at its entry and exit from the county capital called Cluj-Napoca and Dej. The results showed a difference between
the PAHs content in the two cities and a difference between samples taken from the river before the city and those taken
after the city. In both water and sludge samples higher values of PAHs were found in the samples taken from the river
after crossing the city.
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1. Introduction
PAHs are highly mobile in the environment,
traveling long distances from where they were
produce [1, 2] being found in remote areas with no
sources of pollution. Among the PAHs main
characteristics needs to be mention their ability to
bioaccumulate in fat tissues and biomagnify along
the food chain. PAHs come from both natural and
anthropogenic sources. Natural PAHs sources
include volcanic eruptions, spontaneous biomass
burning. The main anthropogenic sources for PAHs
are the incomplete combustions processes of fuels
used for traffic, industry and power generating [3].
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The main reason why the content of PAHs in
the environment needs to be monitories is due to
their carcinogenic effect on human health. Also, a
number of papers showed many compounds of the
PAHs family being highly dangerous to human and
environment. US-EPA established a list of 16 most
dangerous PAHs regarding their effects [5].
PAHs were classified as being priority
hazardous substances [4]. PAHs were characterized
by the European Union Water Framework Directive
being toxic, persistent and tend to bioaccumulate,
also present a significant risk of pollution in the
aquatic environment and through it.
2. Material and Method
Sampling area
The area of study was Cluj County’s major
cities Cluj-Napoca and Dej. The sampling points
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were situated on Somesul Mic River passing
through the mentioned cities. There were chosen a
number of four sampling points, two in each city,
and were located at the entering and exiting of the
river in the city and can be seen in fig. 1.
The water and sludge samples were taken
from the river at its entry and exit from the two
cities, and as can be seen in figure 1, the sample
points are:
 S1-taken from Somesul Mic River before
passing through Cluj-Napoca;
 S2- taken from Somesul Mic River after
passing Cluj-Napoca;
 S3-taken from Somesul Mic River before
passing through Dej;
 S4- taken from Somes after passing Dej
(here the river is called Somes after joining
with a few tributaries).
Figure 1. Sampling area
Sample preparation
The water samples were taken in brown glass
containers in order to preserve them well and were
stored in the dark in refrigerate for a maximum of
48 hours.
The sludge samples were taken in chemically
inert Polyethylene bags and the storage conditions
were the same as in the water samples.
After storage, the sludge samples were
placed in Petri glass dishes and dried at 105 ° C in
oven. The extraction was realized using EPA
Method 8275 - Semivolatile Organic Compounds
(PAHs and PCBs) in Soils / Sludges and Dust. It
was used a Soxhlet extraction with
Dichloromethane. It was left to evaporate till
dryness and then resume with 0.5 mL of acetonitrile
(ACN).
For the water samples a SPE (Solid Phase
Extraction) was done using a Strata X cartridges.
400 ml water sample was passed trough a cartridge
with a flow rate of 2mL/minute. The elution was
done with 4 mL Dichloromethane. It was left to
evaporate till dryness and then resume with 0.5 mL
of ACN.
Sample analyze
In order to analyze the samples a High-
performance liquid chromatograph (HPLC) model
Beckman System Gold equipped with a UV - Vis
detector (Beckman 166) at 254 nm wavelength were
used. The analyses were performed on Luna
Column (C18 10A, 5μm, 250 x 4.6 mm) purchase 
from Phenomenex at a flow rate of 1mL/minute.The
mobile phase used was a mixture of H2O and ACN
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with gradient elution mode which can be seen in
table 1.
Table 1.
3. Results and Discussion
In this study a number of eight PAHs:
Naphthalene, Acenaphthene, Fluorene,
Phenanthrene, Anthracene, Pyrene,
Benzo(a)anthracene, Benzo(a)pyrene were taken
into consideration. The chromatogram of standard
mixture obtained in the condition described above is
presented in fig. 2.
Figure 2. Chromatogram of the etalon
The concentrations of the studied PAHs in
the water and sludge samples were calculated using
the calibration curve method built on the five
samples with concentrations between 10 - 100 μg/L. 
The calibration curve showed a good linearity since
the correlation coefficient ranged from 0.996 to
0.998. The limit of detection (LOD) and the limit of
quantification (LOQ) were calculated using the
calibration curve equation and the slope (S) and
standard deviation (SD). LOD ranged between 0.01
- 1.27 μg/L while the LOQ ranged between 0.03 - 
4.55 μg/L. 
The concentration of the PAHs obtained in
the sludge samples are represented in six graphics
and can be seen in fig. 3. Samples containing
concentration under the detection limit of the HPLC
were noted as nd meaning not detectable.
From the eight PAHs analyzed, two of them
were not detected in the sludge samples
(Acenaphthene and Phenanthrene) and the
remaining six PAHs (Naphthalene, Fluorene,
Anthracene, Pyrene, Benzo(a)anthracene,
Benzo(a)Pyrene weren’t all found in all the
sampling points.
By analyzing the sludge samples PAHs
obtain concentration values, the highest values were
found in sample S2, which was taken downstream
of the Water Treatment Plant of Cluj, the station has
a biological treatment step; however, this process
has left traces of PAHs.
The higher concentrations on S2
(downstream of Cluj) compared to S1 (upstream of
Cluj) indicates that the high degree of pollution with
PAHs of the Somesul Mic River is supposed to be
due to urban and industrial agglomeration of Cluj.
Values decrease gradually from sample
taken down steam of Cluj (S2) to the sample taken
down steam of Dej (S4). The decrease of these
values can ascribe self-cleaning process water, also
the adsorption of compounds on the sediment may
occur, and biodegradation of the interest compounds
with microorganisms found in the river water.
Time
(minutes)
0 2 20 3 3 2
ACN (%) 70 70 100 100 70 70
H2O (%) 30 30 0 0 30 30
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Figure 3. Concentration of PAHs determined in sludge samples.
The concentration obtained in the water
samples exceeded the concentration limit of
Benzo(a)pyrene in all four sampling points, the
difference between the concentration of the samples
from all the sample points is insignificant (fig. 4).
We mentioned that the concentration limit for
Benzo(a)pyrene according to European Union Water
Framework Directive 2000/60/CE is 0.05 μg/L. 
The water sample from S4 showed
concentrations of Fluorene and Phenanthrene, due to
this fact and because the two mentioned pollutants
class weren’t found somewhere else, we can not
accurately determine the Somes Mic River pollution
with these compounds.
Following analyzes we observed that the
concentration values of sludge samples are inversely
proportional to those of water.
Figure 5 shows the total concentrations of
all PAHs obtain in sludge and water samples. The
higher concentrations in all the sampling points
were found in sludge samples. This can be
explained doe to the fact that PAHs from water are
adsorbed on the surface of the sludge leading to
their concentration in the sludge.
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Figure 4. Concentration of PAHs determined in water samples
Figure 5. PAHs total concentration in sludge and water samples
4. Conclusion
There was a high incidence of both PAHs in
water and sludge samples analysed.
In all water samples were recorded
exceeding of the maximum concentration admitted
in Romanian law for Benzo(a)pyrene.
Both in water and sludge samples, the
lowest values were recorded at entry in Cluj-Napoca
(the first sample point on the river).
The highest values were registered at the
sample points situated after the river crosses the
cities, Dej obtaining the highest values for water
samples and Cluj-Napoca for sludge samples.
There was a significant increase in PAH in
Somesul Mic River in Cluj-Napoca from upstream
to downstream, which demonstrates that the city is
an important source of PAH pollution.
This study shows a low efficiency in
wastewater treatment regarding PAHs degradation.
It is important to note that in Romania there
aren’t any laws for the concentration of PAHs
permitted in sediment samples, considering that, the
degree of pollution of the studied area can not be
accurately determine.
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